Abstract: Given the many options available, selecting an HIV test for a particular clinical or research setting can be daunting. Making an informed decision requires an assessment of the likelihood of acute infection in the test population and an understanding of key aspects of the tests themselves. The ability of individual tests to reliably detect HIV infection depends on the target(s) being detected, when they can be expected to be present after infection, and the concentration of stable target in test specimens, all of which are explained by the virologic and serologic events after infection. The purpose of this article is to review the timeline of HIV infection, nomenclature, and characteristics of different tests; compare point-of-care and laboratory-based tests; discuss the impact of different specimens on test performance; and provide practical advice to help clinicians and researchers new to the field select a test that best suits their needs.
A ccurate knowledge of one's HIV status remains the most important element in strategies to prevent HIV infection. Diagnosed persons can be linked to life-sustaining antiretroviral therapy that also reduces their likelihood of transmitting HIV to others, whereas at-risk persons can leverage a variety of behavioral and biomedical tools, such as preexposure prophylaxis (PrEP), to remain uninfected.
In the United States, recent Centers for Disease Control and Prevention (CDC) surveillance data suggest a stabilization or a decrease in HIV incidence 1 in the face of apparent increases in the numbers of persons tested among key risk groups. 2 The reasons for these improving trends are not yet clear, but to be sustained, we must continue to refine systems for HIV testing and linking persons to care and prevention resources, as appropriate.
Decisions about which HIV test to use are often made behind the scenes by laboratory professionals, leaving many clinicians and researchers unfamiliar with important tests they routinely use. The purpose of this article is to provide an overview of current HIV diagnostic technologies and recent changes in testing nomenclature, to describe how test performance varies with stage of infection and type of specimen tested, and to help individuals better understand the advantages and disadvantages of different tests, depending on their particular practice or research setting.
WHAT IS THE TIMELINE FROM INFECTION TO DETECTION?
Time to reactivity for any given assay depends on the following: (1) the target being detected, (2) when the target is present after infection, (3) the concentration of target in the specimen, (4) the volume of specimen tested, and (5) the test's lower limit of target detection. Because the virologic and serologic events after HIV infection determine when various targets become detectable, 3, 4 understanding this timeline is essential for understanding the limitations of different tests across clinical and research settings.
After an exposure that leads to infection, there is a variable amount of time called the eclipse period in which no existing diagnostic test is capable of detecting HIV (Fig. 1) . HIV RNA is the first reliable marker of infection; 50% of infected individuals have detectable plasma RNA within 12 days, 4 and levels peak between 20 and 30 days. 5 By day 15, the HIV-1 capsid protein p24 reaches detectable levels in the plasma. 5 Antigenemia with p24 continues to rise through days 25 to 30, at which point early anti-HIV antibodies are able to complex with circulating p24; by day 50, antigen is often cleared from the bloodstream entirely. 7 This short-lived detectability of p24 is therefore helpful in determining recency of infection, but it also makes its utility in diagnosis time limited.
As with other infections, the serum antibody response starts with immunoglobulin class M (IgM) molecules, beginning to rise around day 20, peaking within another 10 to 15 days, and then shifting to a more mature immunoglobulin class G (IgG) response beginning between days 30 and 35. 6 The time from infection to the first reactive result on a given test is referred to as the window period, the length of which depends on the target being detected by a particular assay. For example, tests capable of identifying anti-HIV IgM have a shorter window period compared with those detecting only IgG. Variability in the time needed for targets to rise to detectable levels in different persons means that the window period actually reflects a distribution of time rather than a fixed length that is identical for everyone (Table 1) .
WHAT SEROLOGIC TESTS ARE AVAILABLE FOR HIV?
Since the US Food and Drug Administration (FDA) approved the first HIV diagnostic test in 1985, 4 additional "generations" of antibody tests for HIV have been developed; each improves incrementally on its predecessor(s) in terms of performance and shortening of the window period 3, 8 (Fig. 2) . The official nomenclature for HIV testing is currently changing, with categorizations based on analytic target(s) instead of generation numbers. 9 For example, first-and second-generation assays are now referred to as "IgG sensitive," because they are capable of detecting only IgG. Each category of tests may be further subcategorized as point of care (POC) or laboratorybased (Table 2) .
In IgG-sensitive tests, anti-HIV antibodies from patient specimens bind to recombinant or synthetic HIV antigens immobilized on the solid phase of the assay (typically gp41 for HIV-1 and gp36 for HIV-2), after which a detection reagent is applied. For POC tests, the detection reagent is often a conjugate of protein A (an immunoglobulin-avid, recombinant bacterial peptide) with colloidal gold or selenium. 3 The increased purity of synthetic antigens contributed to a shortening of the median window period from 45 days for viral lysate assays (such as the Western blot) 10 to 31 days with current IgG-sensitive POC tests. 4 The antibody-based supplemental test (which has replaced the Western blot in the US testing algorithm 8 ) is a specialized, rapid, IgGsensitive laboratory assay featuring multiple recombinant antigens from both HIV-1 and HIV-2. This allows for confirmation of the presence of anti-HIV IgG and differentiation of HIV-1 from HIV-2, all within 30 minutes.
IgM/IgG-sensitive (formerly third-generation) tests shorten the window period to the earliest threshold of IgM detection, a median of 23 days after infection. 4 As with IgG-sensitive assays, solid-phase antigens bind antibody from the patient specimen, but instead of labeled protein A applied for detection purposes, a second, labeled or enzyme-linked synthetic HIV antigen is used, in a method referred to as an "antigen sandwich." Antigen/antibody (Ag/Ab) combination (formerly fourthgeneration) tests pair an IgM/IgG-sensitive antibody test with simultaneous, separate p24 antigen detection. Antigen from the patient specimen is first captured by immobilized, anti-p24 antibody on the solid phase of the assay, and then a separate, labeled antip24 antibody is applied, forming an "antibody sandwich." Some of these p24/IgM/IgG-sensitive tests report a reactive result if any element is detected, whereas others yield separate results for p24, anti-HIV-1 antibodies, and anti-HIV-2 antibodies. Detecting p24 shortens the median window period down to just 18 days after infection. 4 In contrast to complex, automated laboratory-based platforms, POC tests rely on 1 of 2 methods: lateral flow, in which the specimen is drawn through an antigen-impregnated strip by capillary action, or flow-through, in which the patient's specimen and reagents are sequentially applied to a membrane embedded with HIV antigens (Fig. 3) . Detection is accomplished most often with protein A-colloidal gold conjugates, either rehydrated from within the lateral flow strip or added separately to flowthrough assays.
WHAT INFLUENCE DOES SPECIMEN TYPE HAVE ON TESTING?
Laboratory-based serum or plasma assays generally offer higher sensitivities but require venipuncture, larger specimen volumes, processing, and skilled technicians. Point-of-care tests are attractive alternatives for many applications, but performance differs substantially depending on the specimen type; tests using oral transudate are significantly less sensitive than those using whole blood, and tests using whole blood are less sensitive than those using serum or plasma. [11] [12] [13] [14] This hierarchy is at least partially explained by the relative concentration of detectable target(s) per volume of specimen tested. Forty-five percent of whole blood is made up of cells, so additional processing to yield plasma or serum further concentrates antigens and antibodies per unit volume.
Compared with plasma, oral transudate immunoglobulin concentrations are 300-fold lower. 15 Because oral antibodies rise to detectable levels later than those in blood, the window period is prolonged when oral fluid is used for testing. This was demonstrated most clearly in a study of HIV seroconverters in Nigeria, in which antibodies in oral transudate became detectable a median of 29 days after those in plasma. 16 
WHAT ADVANTAGES DO POC TESTS HAVE OVER LABORATORY-BASED ASSAYS?
The introduction of the first FDA-approved rapid test in 2002 and changes in regulations permitting use of certain tests outside laboratory settings revolutionized the process of getting tested for HIV. 3 Point-of-care tests are portable and easy to use, and the ability to perform HIV testing on oral transudate or fingerstick whole blood eliminates the need for venipuncture and the handling, processing, or storage of blood. This can make the entire encounter self-contained, allowing for anonymous testing where permitted by law. Point-of-care tests also greatly increase the likelihood that the patient receives his or her result. These tests have one key disadvantage, however: although the 8 current FDAapproved POC tests have excellent and generally comparable performance characteristics (Table 2) , laboratory-based tests have greater sensitivity, especially early after infection.
Indeed, acute HIV-1 infection (AHI) remains a critical blind spot for current POC tests. Because AHI is characterized by the presence of p24 or HIV-1 RNA in the absence of detectable anti-HIV-1 antibodies, antibody-only tests cannot diagnose AHI. Multiple laboratory-based p24/IgM/IgG platforms are available (Table 2) , but development of a POC version with comparable performance has proved more challenging. The first such test was approved by the FDA in 2013 (Determine HIV-1/2 Ag/Ab Combo; Alere, Stockport, UK). Field evaluations have demonstrated excellent sensitivity for antibody detection but variable, suboptimal sensitivity for p24. 17 Studies of a newer version of this same test suggest interim improvements, with antigen sensitivity as high as 88%.
14,18 Using plasma instead of whole blood enhances test performance, suggesting a role for this test in situations when laboratory support is available but an automated platform is not. 14 
HOW SHOULD PrEP USE INFLUENCE HIV TEST SELECTION?
Data are accumulating that users of tenofovir disoproxil fumarate (TDF)-based PrEP who become infected in the context of poor adherence may have delayed seroconversion on bloodbased and oral POC tests. In the Partners PrEP Study, participants underwent POC testing on whole blood with both IgM/ IgG and p24/IgM/IgG-sensitive tests and had samples sent for multiple laboratory-based assays every 3 months. 19 Delayed seroconversion was defined as more than 100 days between the first laboratory-based evidence of infection and the first POC test reactivity for the participant. Compared with those on placebo, participants with any pharmacologic evidence of adherence during the seroconversion period had 7.2 times the odds of delayed seroconversion; plasma RNA levels were lower, as well, but still detectable. 19 Among participants randomized to receive single-agent TDF in the Bangkok Tenofovir Study who subsequently became HIV infected, oral antibody reactivity trailed the first evidence of HIV (antibody or RNA) in blood by a median of 126.5 days. 20 Taken together, these findings underscore the importance of using laboratory-based serum or plasma tests whenever possible in the management of PrEP users and having a low threshold for augmenting p24/IgM/IgG-sensitive assays with nucleic acid testing (NAT) among users with known or suspected poor adherence.
WHAT ALGORITHM IS RECOMMENDED FOR HIV TESTING?
All HIV diagnostic tests are guided by a common principle: screen with a highly sensitive initial test and confirm reactive results with a different test that is both sensitive and highly specific. This can be accomplished using 2 POC tests, 2 laboratory-based assays, or combinations thereof; all of these strategies have been studied extensively.
In areas of the world without routine access to laboratory services, 21 POC test-based strategies are the standard for diagnosis, and 2 approaches have been examined. 22 Serial testing more closely approximates a "traditional" screening and confirmation approach by combining 2 different POC tests in sequence; if an initial result is reactive, a second test is run. Because discordant results may indicate recent infection, guidelines recommend either retesting in several weeks or referral for laboratory-based testing. 21 In parallel testing, 2 different POC tests are run simultaneously, with a separate, third test used as a tiebreaker for discrepancies. In 2004, the World Health Organization recommended serial testing for resource-limited settings, provided that the sensitivity and specificity of tests selected are at least 99%. 21 Although 2-step testing with POC assays is an acceptable, evidence-based option for HIV diagnosis in the United States, 23 Figure 3 . HIV rapid tests. In lateral flow assays, specimen from a patient is added to one end of a nitrocellulose strip. As capillary action draws the specimen toward a wicking pad at the opposite end (open arrow), detection reagents are rehydrated and bind to patient antibodies. Anti-HIV antibodies present in the specimen bind immobilized HIV antigens in the test line, whereas antihuman antibodies on the control line nonspecifically bind any immunoglobulin from the specimen. Accumulated colloidal gold produces a visible color change. "Dual-path" tests combine 2 perpendicular lateral flow strips in a single-test cassette. Patient specimen and buffer solution migrate through the first strip, depositing antibodies where the strips intersect and washing away colored markers that identify the second strip's control and test lines. Once the markers have disappeared, additional reagents are applied to the second strip, rehydrating detection reagents to react with the patient specimen. Flow-through tests use a similar approach, except that the detection reagent (e.g., protein A) is added separately rather than rehydrated from the test membrane. Generally, flow-through tests yield a result faster than lateral flow tests can.
the majority of testing ordered in clinical encounters is processed according to the 2014 algorithm for laboratory-based HIV diagnosis (Fig. 4) . 8 Any reactive initial Ag/Ab combination test is confirmed using an IgG-sensitive HIV-1/2 antibody differentiation supplemental assay, a highly specific, faster, and less laborintensive replacement for the Western blot. 24 Indeterminate or negative supplemental assay results must be confirmed using NAT; the presence of HIV-1 RNA distinguishes a false-positive screening test from a likely case of AHI. Although in practice, any qualitative or quantitative HIV-1 RNA assay could be used for diagnosis (contingent on local policies and laboratory validations), only one is currently FDA approved for that purpose. 3 
SUMMARY AND RECOMMENDATIONS FOR SPECIFIC SITUATIONS
Selecting an HIV test for a given situation requires balancing client characteristics and programmatic concerns against test performance (i.e., its sensitivity and specificity with different specimen types, its reliability in detecting AHI, and its ability to identify HIV-2 infections). 25 At the client level, variation in individual preferences and testing patterns comes into play. Some individuals may be less willing to provide blood samples or to return at a later date for a test result, both of which have implications for selecting a POC test over a laboratory-based platform. Program-level considerations include building or maintaining laboratory capacity, training and supervising personnel, assuring quality, following up with clients, complying with local public health reporting requirements, and budgeting. With this framework and the data presented in mind, let us consider 4 specific situations: testing after an exposure event, screening populations at high risk for infection, outreach testing in developed countries, and selection of HIV tests for global health research.
Testing After an Exposure Event
HIV testing is often prompted by a defined exposure, such as a needlestick injury, condom failure, or condomless sex. Because no diagnostic test is capable of detecting infection in the eclipse period, baseline testing is obtained to rule out undiagnosed, preexisting infection in the patient. Blood-based POC testing should be used whenever possible, to facilitate prompt initiation of postexposure prophylaxis (if indicated). 26, 27 Strong preference should be given to an Ag/Ab combination test over antibodyonly options, and oral fluid should not be used. Follow-up testing should occur 4 to 6 weeks and 3 months after baseline, with additional testing at 6 months if the exposure event resulted in hepatitis C virus infection. 27 These recommended time points reflect expert opinion rather than a strict adherence to window period durations. If the patient tests negative at the end of the window period (Table 1) , one can be very confident that he or she did not acquire HIV from the exposure.
Screening High-Incidence Populations
Point-of-care and laboratory-based tests perform similarly well for the detection of established, chronic HIV infections, provided that blood-based specimens are used. (Although rare, falsenegative oral POC tests have been reported in patients with advanced HIV disease. 28, 29 ) In populations with a greater likelihood of recent infection (including persons on TDF-based PrEP), maximizing sensitivity to detect AHI is critical. To accomplish this, laboratory-based p24/IgM/IgG-sensitive assays on serum or plasma should be used whenever possible. In settings with support for specimen processing but without an automated test platform, using serum or plasma with a p24/IgM/IgG-sensitive POC test will improve its sensitivity (compared with whole blood) 11, 13, 14 and offers the potential for earlier diagnosis compared with IgM/IgG-sensitive tests. Although most people with symptomatic HIV-1 acute retroviral syndrome (e.g., fever, pharyngitis, and lymphadenopathy) will have detectable p24 antigenemia, adding a NAT to the diagnostic workup (where available) may help capture the small proportion of those with recent infections who are RNA positive but antigen negative. (This situation may occur either very soon after the eclipse period has ended or in a rare, second window period after p24 has cleared but before IgM has become detectable. 30 
)

Outreach Testing in Developed Countries
Mobile testing units, syringe exchange programs, and community testing events place a premium on test portability, ease of administration, flexibility in specimen type, and rapid turnaround of results, all of which make POC tests an obvious, frequent choice. However, longer window periods (Table 1 ) and lower sensitivities (Table 2) with POC assays compared with their laboratory-based counterparts are important trade-offs to consider. Because some outreach testing populations may be more likely to have recent HIV infection, IgM/IgG-sensitive POC tests (including p24/IgM/ IgG-sensitive assays) should be prioritized over those capable of detecting IgG only. Whenever logistically feasible, serum or plasma should be tested instead of whole blood, and consideration should be given to sending a specimen for laboratory platform testing in addition to the POC test. Oral transudate should be used as a specimen only when obtaining blood (through venipuncture or fingerstick) is impractical or undesirable. 13 Patients and testing clients considering oral HIV self-testing should be counseled about its longer window period compared with either blood-based POC tests or laboratory-based assays.
Selection of Tests for Global Health Research
Investigators new to HIV testing and prevention may wish to incorporate screening as part of study designs in resourcelimited areas internationally. The first step is to familiarize oneself with local testing standards and approved options. As much as possible, serum or plasma should be used as the test specimen instead of whole blood to help maximize test sensitivity, and preference should be given to using nationally approved IgM/ IgG-sensitive POC tests (including Ag/Ab combination assays) over IgG-sensitive tests. For most jurisdictions, reactive results from 2 sequential (and different) POC tests can be used for diagnosis, in accordance with World Health Organization guidelines. 21 One can be confident in making a diagnosis of HIV from concordant results in a serial POC testing algorithm if the prevalence of infection in the test population is high (≥5%), provided that highly sensitive and specific (both ≥99%) POC tests were used. In lower-prevalence populations, the false-positive rate will always be higher with a highly sensitive test; laboratory-based confirmatory testing may help prevent unnecessary HIV care, although it is not always possible to obtain. Finally, in areas with a significant prevalence of HIV-2 or subtype O HIV-1 (primarily in western Africa), the selected tests must be capable of reliably detecting those viruses with adequate sensitivity and specificity.
CONCLUSIONS
The variety and complexity of available HIV test platforms can be daunting for clinicians or researchers trying to decide on the right test for their particular programmatic needs. By taking time to understand the timeline of virologic and serologic events after infection, the context of test use, how the various tests work, and the advantages and disadvantages of POC tests versus laboratory-based assays, it is possible to make better, more informed choices that improve one's confidence in the outcome of HIV testing.
